The title compound 1-OPBB, C 19 H 19 BrO 2 , contains a dechlorinated and hydrogenated isodrin backbone with an anti-4-bromobenzoate substituent at one of the methano bridges. The dihedral angle between the CO 2 ester plane and the benzene ring plane is 8.5 (2) . In the crystal, the ester groups stack over benzene rings: the molecules pack as conformational enantiomers, with nearest parallel benzene ring planes separated by a perpendicular distance of 3.339 (1) Å . The nearest benzene-ring centroids are 5.266 (1) Å apart. Possible structural correlation with enhanced solvolytic reactivity is investigated.
Related literature
For related norbornyl and norbornenyl 4-bromobenzoate structures, see: Lloyd & Arif (2012a,b) . For a structure containing the same tetracyclic framework, see: Lloyd et al. (1995) . For the isomeric endo,exo-structure, see: Lloyd et al. (1994) . For solvolysis rate information, see: Coots (1983) ; Chow & Jiang (2000) . For molecular orbital results, see: Furusaki & Matsumoto (1978) ; Chow (1998 Chow ( , 1999 . For synthetic procedures, see: Chow (1996) ; Melder & Prinzbach (1991); Coots (1983) .
Experimental
Crystal data Table 1 Possible structure/reactivity relationships ( , Å ). (Coots, 1983) . The 1-ODNB rate increase was explained by long range σ-orbital through-space and through-bond mixing with the homoconjugated π-system, that stabilizes the intermediate carbocation (Chow & Jiang, 2000 , Chow, 1999 , Chow, 1998 , Furusaki & Matsumoto, 1978 . The 1-OPBB X-ray crystal structure provides experimental verification for some of the calculated results.
No nonhydrogen atom intermolecular contacts exist in 1-OPBB shorter than van der Waals radii sums, the closest being The greatest difference between symmetry-related bond lengths is 0.011 (4) Å (for C1-C11 versus C8-C11, and between symmetry-related bond angles is 0.78 (20)° (between C2-C7-C6 and C3-C2-C7). Bonds C1-C2, C2-C7, C4-C5 and C7-C8 are somewhat longer than usual, similar to analogous bonds in 2- (Lloyd et al., 1995) , isomeric 3- (Lloyd, et al., 1994) , 4-, and 5-OPBB (Lloyd & Arif, 2012a,b) . Less alkenic C pyramidalization is apparent in 1-OPBB (2:7 angle 2 (1)°) than in 3-OPBB (comparable 2:4 angle (6 (1)°).
The 1:2 interplanar angle (Table 1) is a logical structure/solvolysis reactivity indicator for these compounds. A smaller angle should portend faster solvolysis as the homoconjugated π-bond provides anchimeric assistance. Solvolytic reactivities are inverse to 1:2 angles for 1-, 2-, 3-, and 4-OPBB, but differences are small relative to the calculated ~30° substrate to transition state 1:2 angle bending (Chow, 1999 and Chow, 1998) , and other structural features are certainly involved. The 1-OPBB 3:4 angle is near that of endo,endo 2-OPBB, and larger than in 3-OPBB, consistent with more interbridge C4-C5···C9═C10 steric repulsion in endo,endo than in endo,exo structures. The 1-OPBB 4:6 angle is 1.9
(5)° larger, and the 5:6 angle is 5.2 (8)° smaller than in 2-OPBB, which probably reflects the close C12···C13 contact (2.70 (1) Å) in the latter. A longer C11-O2 (structures 1-, 2-, 3-OPBB) or C7-O2 (structures 4-and 5-OPBB) bond should also imply faster solvolysis, but they do not fit the expected pattern for 3-and 5-OPBB.
Short intramolecular van der Waals contacts demonstrate C4-C5···C9═C10 and C9═C10···C11 steric interactions: Into 100 ml of absolute ethanol were dissolved 6.7 g of 7.
Over a 2 h period, 19.6 g of Na (washed twice in absolute ethanol) were added as small (~0.3 g) pieces under a dry, N 2 atmosphere while refluxing and mechanically stirring. After 6 h the mixture was cooled to 298 K and 200 g of crushed ice were slowly and cautiously added while stirring. The mixture was extracted with 3 × 100 ml of ether, and combined ether extracts were washed with water, saturated brine, and dried over MgSO 4 . Solvent removal under vacuum yielded 3.2 g (85%) of pale yellow oil 8. Into 50 ml of tetrahydrofuran were dissolved 3.0 g of 8. The solution was cooled to 273 K and poured into 35 ml of 20% aqueous HClO 4 in an ice bath. The mixture warmed to 298 K overnight, was then poured into 100 ml of water, and extracted with 3 × 50 ml of ether. Combined ether extracts were washed with water, saturated NaHCO 3 , saturated brine, and dried over MgSO 4 . Ether was evaporated under vacuum yielding 2.2 g of colorless oil 9 that crystallized upon standing: mp 330.0-331.5 K. Into 5 ml of freshly distilled dry pyridine (from CaH 2 ) were dissolved 0.086 g of pure 1-OH, and 0.14 g of freshly recrystallized (from hexanes) 4-bromobenzoyl chloride with stirring under a dry N 2 atmosphere. The mixture was warmed briefly until reagents dissolved, and stirred overnight at 298 K. The mixture was poured into 100 ml of cold water, and extracted with 2 × 50 ml of ether. Combined ether extracts were washed with water, twice with 10% HCl, twice with NaHCO 3 , and with saturated brine. About 0.1 g of sublimed 1-OPBB was dissolved in 15 ml of absolute ethanol by warming on a steam bath for 5 min.
This solution was placed in a crystallizing dish and covered with plastic wrap. Three small holes were made in the plastic wrap with a hot wire and ethanol slowly evaporated at 298 K. About ten crystals were eventually removed from the evaporating dish, and one of these was selected for the X-ray structure analysis.
Refinement
A colorless plate shaped crystal 0.23 × 0.20 × 0.13 mm in size was mounted on a quartz fiber with epoxy resin, and transferred to a Nonius KappaCCD diffractometer equipped with Mo Kα radiation (λ = 0.71073 Å). Ten frames of data were collected at 150 (1) K with an oscillation range of 1°/frame and an exposure time of 20 sec/frame (Nonius, 1998).
Indexing and unit cell refinement based on all observed reflections from those ten frames indicated a monoclinic P lattice.
A total of 6702 reflections (Θ max = 27.49°) were indexed, integrated and corrected for Lorentz, polarization and absorption effects using DENZO-SMN and SCALEPAC (Otwinowski & Minor, 1997 ). Post refinement of the unit cell Compound 1-to 5-OPBB structures. 
